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Description 

This invention relates to the < J^SS 

hepatitis B surface 8 "*9 e " ^ a 0 f vaccines 
organisms for use nv the prepa rat » ^ 
against hepatitis B v. us ^HBVMn one ^ p rf 
present invention relates o * e DNA 
microbial expression vehicle s co surface „ 
sequences encod.ng m rtura hepati n 
protein antigens operably hnk ed to J 
effecting promoter system .and to >m £ ^ 
vehicles so w"*"^"^* organisms 
present invention venic les, thus a 

transformed with 8U ^ ^^na sequences 
directed in the expression < f the DJ£ * « jnven . 

referred to above. In yet «*» «J3 of inven- 
tion relates to the means and methj tQ 

ing the end P"*^tBES hepatitis » 

^2T2??555 and DNA 
se^nce^ 25 

bnfng«^^^ 

virus - „h nther materials thereof 3° 

The publicat.ons and I o* e r J . 

used to illuminate the ^ | ^^VddWoi»l 
tion, and in particular "^^^ incorporated 
details respecting its practice are J , p ^ 
herein by reference, and for ^onve ^ x 



40 



Hepatitis B virus . „ tit!< .« virus -, s transmit- 

Hepatitis B ^erum hepatitis W 
ted among humans and manifest a 

debilitating infections ^.ch can re h 
g ressive.y in severe ^^S£ complete 
cinoma '^'J'^b infections can be 
recovery from hepmras f the popu . 45 

expected; ^* A S " an d Asian coun- 
lation, especially in many Atr^a dangerous 

tries, are chronic c ^' e ; s tn wn diseas e pandemi- 
potential of transmitting the diseas 

callY - ■ .icsri hv a virus vector (hepatitis B so 

molecule and an envelope surrouno g^ ^ R 
,eocapsid. Proteins ? H B cAg) , a DNA 

inclu de the a ^^ ce l antigen (HBsAG) 
polymerase and the m m ed and 

Uich has been found in sew mo ^ 
carrier humans. Ant.bod.es to no ft , § 60 

been found in serum HBV mtecteo p h 
believed that HBsAG is fta HBV anttge 



' D / / 

^ 8 ;fn9m^beVs^ 

Immunology 109, W \ A d Sci 

1Q , 17 /1Q77V Peterson etal., rroc. /vai. 
79 LVl? iwn (1977) and Viral Hepatitis, A 

dominantly in the ,0 ™ * f 6 t0 25 

having diameters rang ing ^.^Vese are 
nm-the ~<*«J*™ Noninfectious viral 

reC^S^ 
inne - l u«« a titi« R virus has not been 

wit h aPPX^e contro? of an appropriate 
signals under the wmo expression 
expression P«^j2iSSorm yeast cells. 

the present application. 



^rXt^S^bl-nt DNA tech- 
With the aaven „"' if . robia | production of an 
nology, the controlled m.crob al p ^ 

enormous vanety JJ^JIJJ polypep- 
become possible, rviany . ne and leuko- 
tides, such as human ^^^""Suced by 
cyte interferons, have ^already been pr 

various "toW^ 1 ^ of an 
nology adm,t ^ e of ^ C e r { ° u | polypeptides, putting 

applications. reco mbinant DNA tech- 

A basic element 01 re " , |oop 

nology is the ij-jg^^d i bacteria often- 
of double-stranded DNA touno ne 

tim es in multipl. iSZSjSiSSwH is that 
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ordinarily, one or £ e nce to antibiotics, 
characteristics, such as resist containin g 

which P^**li";S recognized and 
the plasmid of interest 1 media . The 

preferentially 9^ as "ids S in the fact that 
they can be specifically c „ restrictlon 
another restriction ^"^izes a different 
enzyme", each of which e a hetero ,og- 
site of the plasmid DNA. jn jnserted 
lis genes or gene IgJ^JJ at the deav- 
into the plasmid adjace nt to the 

396 ^/sKe tS *SS are so-called rep.ic 
cleavage site. »" ua 

able expression vehcles. d out side the 

0NA recomb.nat.on is Pen „ rCCOmb ,n- 
microorganism, and the or d 

ant" replicable express*) n anis ms by a 

can be introduced ,m 0 ™ rft , ation and large 
process known as "3"*° venic | e obtained 
Quantities of the recombinant v wn en 
by growing the transfo Jjj^ re{e rence to 
the gene is P r oP er| V vern the trans- 

portions of the plasm d wh ch go ^ DNA 
cription and trans .^ Q n e °p ress ion vehicle can 
message, the resulting q «pn» ^ ^ 
be used to direct *.e proa . d gen6 

expression, the DNA u nwnu me ssenger 
Opiate ^JSSTTh. messenger 
BNA from the DNA m ibosornes , where the 
RNA is, in turn nd ^y g p0 , V pept.de 

messenger RNA ■ sequence encoded 

chain having the am no encoded by a 

DY the mRNA. J* Uich collectivley 

nucleotide triplet or coou" rf o{ 

S up the "structural gene . amjn0 

S? DNA Sequence e ^J^^.^ 
acid sequence of the expre ^ s , gnal 

duct. Translation is mitated ax 
inrdinarily ATG, which m 1 , |e0 ^p 

codons define the end « ^ ^ units . The 

the Production of further a by th e 

resulting P^u* m»Y» • by approp . 

host cell and recovenng the p ^ 

riate PUiWc*on *™ o recombinant DNA tech- 
ln practice, the use °t netero logous not 
nology can express entirely 
ordinarily found '"^ ^Us-so-celled d.rec 
micro-or.gan.sm). POWeP express a 

expression-or alternatively rtlon 0 f 

Xologous PjVPjJ^-J . homologous 
the amino acid sequence correS pond.ng 

found in, or P^^pSfl** 1 *- in the 
wiW-type oioactive product » 

t att er cases. th n e '"^"pioinactive with* .the 
sometimes ^"^JLJerologous polypeptide 
fused, homologous* ete '° ,0 9 j)u|ar environ- 
until it is cleaved ."JJ-^ p u b». No. 
ment. =>ee, 



2 00 7 e7BAandWeUel.^-S C ^ St68 , 
^rlnantDNA — 

*S* Patent Pu^^JfffK 
June 4, 1980, describe th« an d 
genome comprising abo^t o yector tak . 

?he incorporation of th^s DNA ^ ^ 
• ing advantage o an EcoRl ^ ^ 
quent ligation. It « * a , abeUed a nd used as a 
cloned HBV-DNA can be^beU ^ 
probe to detect Dane pa jc g p 

the vector could be useo f ragm ent. 

tide containing a hepatms a £ , aborato nes 

l„ a related artjclefromUie (ig80))( 
( Proc . /Vat/. Acad Sc^USA/ , hepatjtjs B 
s reported that tandem c and 
,S enomes were introduced n o^^ Poly 
integrated in to the mouse gntigen 
peptide identified I as hepajbs , es similar 
U excreted from the ««s ^ hu 
to those found m the sera o publicati on No. 

^fijrsss^ no surface 

antigen was detected ation publication 

ln European Patent oduct ,on in 

No 20251 there is described jne ^p aining 
f co °of a fusion V^£fi£$U of HBV. 
J portion of the surface * ^ e 
Because the the structure could 

reported low 

Immunological activity. on the d -, s . 

The present invention « D c 

cov^thrtr^J^id^uy produce the 
used to successfully ano djr |y and 

mature hepatitis B surface a g^^ ^ gu 
in discrete P a ^ c,e jS ng immunogenicrty to 

able for use in ? on ' e '"" 9 eDti ble human or for 
Hepatitis B virus in a "J*^. T he product » 
preparing a vaccine for su C J t _ an d thus 

produced in a eu t k a a ^f s t, C h systems confer on 
carries the advantages tsucr , y ^ s ^ t _ 
corresponding, proteinase ous p associatlo n 
glycosylate and sugar an " duced pro- 
more closely related tthurn^ ^ 
teins versus bactenal pro histicat ed pro- 

bosts are incapable of >m* yeast ce „ s 

cessing. In add ^ n Vod U ct better than prokary- 
toleratethe P' 0 ^'"?^ increasing express.on 
otic systems doubt e» ^ over bacterial . 

SemrJn 2* the hepatitis protein per se 

hepatitis B surface antigen * duc t,on. 
and the methods and m«™ „ direc ted to 
Ipecifically, the present invent . sjng 
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produced in yeast. The HBsAg ner tjonalr 

in discrete particle Encoded by 

fused PolYPe^e artrfact y Qf by DNA 

another portion of the mbv _g , ed . The 

homologous to the Jg* t P 0 replicab.e 

present mvent^n .s further gene 

DNA express.on vehicle g . 

sequences encoding HBsAg m 
ible form. Further he pr ^ tne 

directed to Y e * s * *™7 sc ,£ed above and to 
expression ^^f^^ transformed yeast 
microbial cultures of sucn u« 

drains, capable of P^J^ directed to 
ther aspects, the '^JS^ said HBsAg 

various Processes useful m prepay M 
gene sequences. DNA • express^ ;ments 
strains and cultures and to sj»«t.c ^ 
thereof. Still further. * 8 invention 
the use of thus produced HBsAg ^ ^ 

^ogenl^ 

susceptible humans. taj , ored 
The Preferred Prater here .n (pG<) 

from the yeast 3-P ho fP h °^ C e e scrib ed ftifr* The 
promoter region which is descno ^ 
PGK gene was ana^edforrestnct p ^ 

would be useful for sequencing ^ 

analysis around one °! Ine * innlng with a 

fndicated that translation beginmn g ^ 

specific ATG would y.e Wap^ same 

terminal amino acld f .fj^n and horse PGK. 
N . t erminal ammo ac ds * humane PGK 

promoter region. The r«jNW logically 
Analyzed for « J*™ JfS,. a primer repair 
support a " nl ^ r .:f;j , a ° n d this unique site was 

^TyeaScteria shut* jp. «* 
fragments removed m Replaceme d ^ 
ments by PGK promote ^reg.o ^ 
antigen allowed reclosure of t ^ ^ 
vector was «ed to t«nston ^ con 
grown up under customary desired 
Sitions and J™^* foHowed by 

HBsAg P roduct ^! C ° a e Xrmed yeast. Supernal- 
breaking open the ttnWm Y use{j as , 

ents from c^J^T "surface antigen 

substrate in hepatitis 

radioimmune assays. {oun d to be suit- 

A particular DNA sequence » was 
able herein as a w JJJJJJJ encoding HBsAg 
placed after the °* thesis and pro- 

m order to terminate mRMJ sy mRNA 



f D • 

< „„„t was isolated containing some 
(12). This fragment was isoia gnd 

coding sequence f rom *e yeast y ^ 

t n e 3'-flantang sequence req lation . 
transcription « rn.nahon an 0 P v ^ 
This terminator fragment was jus 
site to the H/n^ll site of he HBsAg ge^ 

pro^Lus^ 

fused W terminator fragment 

pCV13(D *^5,SyS plasmid selec 
, ine resistance genes a flowing ^ |cati0 „ f 

tion in £ co/;, an £ coh on 8 » f the 

he i£02 gene allowing SeSKSnaHow- 
plasmid in yeast and the 2 micron, o g 
Tng for DNA replication of the ^p.as ^ rf 

This plasmid is *° U 4^« small Hindlll-to-BamH! 
transformed yeast ™^* tesAsian&i gene 
fragment from the tetracyc. J w large 

was removed from ^ vector g kbp 

vector fragment was then hgatedw ^ frag _ 

HmdW-to-fcoRI asse mbled PGN P ^ 

me nt and a ^P^Jroduce the pYeHBs 
terminator frament so as to p jon vector 

vector in Figure 6 Th. iHMA 9 ^ ter frag . 
was constructed to have the ru* P ' rtura | 
rentlnmatetranscriphono JfJOjAg- ! p ^ 

deferred — -^aSSJ2 

P HSG4 harbouring HBsAg DNA. tricti0 n 

RaU 7the%T^S Sri of vector pBI 
map of the 3.1 rap isolated. Indi- 

from which the prormrter w ^ ^ 

Cat6d WSX DNA of the PGK gene, 
site in the 5 ^"King 5 ,. flanking sequence 
Figure 2 illustrates tne ^ e 

p ,us the to«W^'««SSoW sites, 
before insertion of XW a" 0 = tes techniques 

Fi gure 3 s*°™ X $l*T"os«o»-S in the 
used to insert an 39 bp fragment of 

PGK promoter and » "JJ conta ining this 
the 5'-flantang sequence ox 

XW end i f nd h a e ^"f cai r y n mustrates the construc- 
Figure 4 schematically m" b 39 

EcoRl site adjacent to XM . tn constr uc- 

Figure 5 schemetic 8 ..^ UK- fragment 

^e 6 schematically ^^S^ 

m tion 9 of an «2*%^iS?^ «R 
antigen m yeast contain g ^ ^ 

SroftNelsfr^ gene, as described ,n 
« m S!S , «*5S A) sucrose gredient sedimen- 
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Yeast host organisms te hereo f, the 

ln the preferred emb^ents ^ 

expression .™*Se oi selection and 

repiicet.on in b*£^' n » ast the piasm.d 
ces ce«v,s,a e ; For selert. on y complernen ts 

contains the ^^Mn the absence of leuc.ne) 
y east(allov«fo gro«rthmthea on 

containing mu abon* m J-MJ^ used here 

chromosomes «« "J^gJ^ ioh nas the genotype 
was the strain XV610 8C wn ^ |S 

a / e0 2 opl «f £££?^5« Culture Collec 
deposited in the ^encan IV P No . 2 0622). How- 
tion without restrict .on lATCt in Sacc „ aromy - 
ever, it will be under* ood that a y wnicn 
cascade strain ^n«mmg a ^ 

makes the cell mjd con . 

environment for ex P re n ss '°"° m An example of 
taining the egression *ys» * ^ No . 
another strain wh.ch could be us e 2 
38626 which has ^.S^ e . a ^ . muta . 

AM*19 «m (4 . ^XreverSn and allows 
tions in /eu2 which restnet s reve j ■ ^ 
for tighter transformation ot u> 



Yeast promoters , eauen ce from a yeast 

The 5'-flanking DNA can promote 

gene (for alcohol dehydrogenase 1 « " P 
S* expression of a gene e.g. I ^ ^ 

interferon D) when placed in p been 

transform yeast, ^^^^^ction to allow 
p ,aced at the 3'- end of this const ^ 

for proper transcript on « rm. a ^ 
adenylationm yeast indeed. * , 
tne rnRNA transcr pi doe ; e jon of 

m^J^S^gSS^ *. Nature 
the yeast Wl gene <n ornoter can be 

293. 717 (1981 (Ref . 1Z». ™v invention as 
suitably employed m : the ernb odi- 
well as others-cf. infra. .\f ™ v h ast 3 . 
ments, the 5'-flank.ng sequence o Y 
phosphoglycerate kinase ^ S W^*1 
upstream from tn "f * l {o || 0 wed again by DNA 
hepatitis surfece antigen foHowe^ 9^^. 
containing the Tnrt go 
adenylation s.gnals_ dehydrogenase I 

Since both the yeasi aicu n pnog iy C erate 
S'-flanking sequence^ and £e 8pM £ w 
kinase B'-flankmg sequence i 'ntw ^ jt 
promote expression of foreign g of any 

seems likely that the 5 -flanking s u ^ for 

highly-expressed yea s1 ^gen cou ducts . SinC e 
the expression ofjmpo^en P M up t0 
under some circumstances yea k c 

65 percent of its soluble pro w 
enzymes (6) and since this hyh eve PP rf ^ 
result from the P r °d u !f' 0 h n ou , d be possible to use 



8 

073 657 B1 decarb oxylase, phos- 

aS e, hexok nase, pyruva i hate isorne r- 

phofructokmase, s'^f^,;" pyruvate kin- 
ase, 3-phosphoglyce ate ^« se p PV , ucose 
ase, triosephosphate .somerase P P » M 

, isomerase, and glued J» ™ d als0 be used 
ing sequences of these ge p0 | ya denyla- 
for proper ^XZ^n ^x^- Supra. 
tion in such » ^.fP^d g V en es are those for 
Some other n, 9 nly a ^ pr ( e 8 f and S thoS e that express 
„ the acid ^^S^xo m^s in the 
high levels of P r ° duct, °" utants tha t increase 

„ "XnhegerT^ 

tobtw** ^ R p rorn0 ters for RNA 
It is possible * na J", ch inscribe ribosomal 

DNA™ ™DNA "and tRNA DNA (9, 10). may also be 

Su, 5 fn D such -P^SSTK contain 
Finally, many yeast P;°™ ter * ^be turned 
transcriptional contro so J-JJ"^ some 
off or on by variation in g r °^ n the g ene s 

examples of •^Jjg°« -n . ! Alcohol 

2S that P^^^isSochrome, said phosphat- 
dehydrogenase 11. isocyi jate d with nitro- 

ase, degradative .enzymes ^ de . 3 . phosph ate 
gen metabolism. S 1 ^' 0 ^ ^sponsible for 
dehydrogenase and J« ^ , cont rol 
M rnaltoseandgalartoseutinz ^ contro||ing 

region wou n id nro 1 ei n p7oducts-especially when 
expression of p«WJ Mjo shou|d g , s0 b 

their production s toxic to y q{ ^ g,. 

P ° S f 16 £i fwit S'-flenking sequence 
35 flanking sequence w expressed 

40 sequences. 
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as follows: 

1 — 2— 3 — 4— 5—6 
S ER_UEU-SER-ASN-LYS-LEU- 

ted from the DNA; ^ence* ^the M P ^ 
to -Sa 0 3A restriction fragment Bg 

r^^tre^ng amino acid 
sequence. 

, o - 3- 4- 5 -6 
MtT _SE^L£l-SEF-SE^-LY^-LEU- 
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nf the veast PGK structural gene is coded for by 

mor^ ON A sequence of the PGK promoter 

tS Sco n /-?orthe!nsenion of Xoal/£coRI sites in 
the "-Sing sequence of the PGKgm ■ « «. 
construction of a Promoter Fragment (see ng. ■ \- 
STprimer-repair reaction and cloning of 39 
hn S, fl -to Sau3A fragment (as shown in F.g. 3). 
bP S fe; !a ?£*»*«*l* partial promoter 
f TffS < S5TS!»2« promoter frag- 
JSaslhow: in Pig. B^ins the 
EcoH\ promoter fragment used in Fig. 6 tor co 
struction of expression plasmid. 

Insertion of EcoRI restriction site in the PGK 

We rfan afSTiTS ol 1 romoter 
follows: 



5'-TCTAGAATTG4 TG-3' 
3'-AGATCTTAAGTAC-5' 

This connection on th. I ^FA gene is how an 
poses. 

Construction of expression vector 

-SSBaSs 

1) to1nto^o4te a unique restriction s-te directly 
with Hpa II (80 units) in 200 pi reaction m.xture 



according to enzyme supplier's BRL) reaction 
S Son to obtain a 1.7 Kb DNA fragment, in 
which the initiation codon for the coding 
J.. , «f HBsAo was located close to the 5 
, eX h s° ns^ 9 an W d (about 400 bp). The DNA 
!?« nuriftad bv electrophoresis on polyacry- 
T ■£ (PAGE) The purified Hpall fragment 
lam , ne 9 ? treited « th X exonuclease (2 units) in 
SK 'lSe (New England BioLab) for 
tuu \i exonuclease is a 5' exonuc- 

faction degraded the 5' half of the sense- 
strand DNA from HBsAg coding sequences and 
exposed the antisense strand for pa.nng with 
„ added I primer. The K exonuclease treated DNA 

nfn mole oTdATG^GMCATC ("p-.abelled at 
20 5 2 e nd by polynucleotide kinase). The mixture was 
heated at 90»C for 1 ™nutt. anneateda 0 C 
for 30 minutes and then incubated at 37 C for 3 
hours in the presence of 2 unite of£ «* DNA 
2B polymerase I ' Id by S» 

bed^To» 
30 hen dep^eSd, digested with Xba. (45 units 
30 a t a site located within the HBsAj | gen . , .100 u 
reaction mixture and fractionated by PAGE A 91 
K.e» nair DNA fragment containing the first Ju 

SST- KN»g !« «~ **f sto «"°- 

GACGTCTTAA 

fhe EcX^ of fragment B. This was accom- 

' was c,eav * . - t was ligated to a EcoRI 
6S polymerase 1 Klenow fragment (16). Th.s was 
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W amHl (which cleave 375 base p fragment s 
EcoRI site of PBR322) t > ca. 150 base 

contain . in9 un°t?e ^HBsAg gene .and the promoter 
pairs distal to the HBsAgg of th e 

operator and the first «w fragment 
tetracycline resistance gene- ^ • jsolated by » 
C. bounded by Xbal and BamH J 

Successful -*-ES£gSVZ !S « 
in yeast requires that W-^J*^ a „ oWS for 

port of that transcnpt. 



20 



DNA restriction ^gg^SS a>on 9 
Restriction enzymes £ ~™ pnat „ e were pur- 
with bactenal alteUne Pno^P Lab0 ratones. 

chased from fragment) was pur- 

DNA PO«vn»e^ "J^; n g. im . T< polynuc- * 
chased from BoehrmgerM deoxYnuc |eos.de 
ieotide kinase, ATP ana ^ ^ 

triphosphates dATP. ^ , All other DNA 

purchased from PL B 'o^m. wefe pur . 

restriction and ™wbohc enzym W-'WP 3" 

manufacturers. 35 

DNA preparation ^.«2?3SSd«w»» 

Purification of covaleh Y clo* h 
m -,o DNAs from £ «>/ an v 21 
transformation of £ . eoft ribed , £ «,// * 

sasrs^ -s^ * descnbed 

(22). 

Strains and media No 314 4 6 ) (23) 

£. co// K-12 strain 294 ations . Yeast 

was used for all bacteria ^WJJJJ, y eo2 ftpl 

LB (rich ^dmm «as prepa ^ m , 

Miller (24) with the add.tion tetracvclin e 
ampicillin (Sigma) or i» wt 
(Sigma). 



restriction map depicted in r g ^ ^ 

30 U g of the purified 3. 1 tt «« de 

Sau 3A then wn-^jSS 265 bp and 141 
Fragments corres ponj^j b electrocution as 
bp were separately P^g"^™* was then 
described above. Eac « DNA 9 
subjected to is shown in 

A portion of tnl * ° N *„e S ponding to the N- 
Rgure 2. Amine ^acid cor P gene 

Insertion of a restriction site in the PGK 5' 
promoter region jd witn the sequence 

A symhefic T °»ffw B a Synthesized by stan- 
5-ATTTGTTGTAM3 was sy ^ ^ 

dard methods (26 . W ng q{ T4 

labelled at the 5 end using on a , so 

polynucleotide kinase m a ^ Thjs iabelled 

containing 200 V* ^ irr ^ 

primer solution was used in a P multi-step 
tion designed to be the fire step ^ ^ p£JK 

process to put an fcoRi restr ^ 

ITZZ™ ™ process ,s 

explained below: 



45 



55 



Restriction Map and partial sequencing of 3, tt 

insert of P B1 exhaustively digested 

300 pg of pBI 15) w » vo)ume then 

with HinM m a 50 ° ™„ t aga rose prepare- 
eiectrophoresed on a 1 percen^g ^ ft 60 

live agarose t s f JL e ™ ne %thidium stained gel. 
insert was cut from the em ^ equa , 

electrocuted (25). 2* extra and 

volumes of *2^Spl«lon. Portions 

7 



^!S"^- nddoninfl0,39bpXW ' 

t0 .Se«/3APS* : Piece |v digested with 

10 0 pg of P B \ Percent polyacrylam.de gel. 
Haelll then run on a 6 percent p y 
The uppermost ; ban I on * ^ was ., solate d by 

(containing PGK promo jregio^ 12 q 0 bp 

eiectroelution as descnbed a^,^ 

Haelll piece of ^ , amld e gel. The 650 
then run on a pe cent a y , ut|on . 5 pg of 
bp band was isolat ea dy Hae i,i-to-H/ncm 
D NA was isolated. This 650 P dW Q> 

piece of DNA was » "jWS phosphorylated 
then mixed with the 20 ^ot p Thjs mixture 

ime r solution «}ea^~ extracted then ethano 
was iXphenol^o^orm ^ 6 .„ 50 , 

precipitated. Dried DNA was bath for 

seven minutes. Tn,s u so " l h - th (10 — 20 seconds) 
Sled in a dry yj^-^°ih. To this 
then transferred to an containing 
solution was added 50 uiox e (Boehri nger 
10 Pi of 1« DW . PO^er m. eviou d 
M annhe.m). 10 P' of a ^ , de triphosphate 
2.5 mM in each ' deox /"!j ' 25 u) 0 f diH 2 0 and 
(dATP, dTTP, dGTP and dCTP , « P nt 
fSL of DNA M^TKi^ 37» 9 C for 4 
This 100 pl reaction ,ym nnc phen0 , 
hours. The solution was < . d , drie d 

chloroform «^jSSdSS restricted with 
by lyophilization then exhaus v sthen ^ op a 

10 units of Sao3A. This soiut corfe . 

6 percent »^» m ctt from the gel 

sponding to 39 bp in size w ^ ^ 

rveSBb^soneb.untendandone 
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SauSA sticky ^SST^SSSSi 

a purified pRFtrp69 vector 

was linearized with Xtol ,»P nan 

extracted, then ethanol preap.tat , 

sticky end was filled °2S 0 „ containing 

Klenow fragment in a 50 £™JJ£, hate . This 

250 pM in « ch " D ud ^ n 3S e 16 percent 
DNA was cut with BamHI then mn or i ae p 

of the ligation mix was used *° t"™°™ , 0 „„/ 

were examined by ^a quick screen P 
One plasmid, pPGKj 59 * as * " e " rf ted w ith 
analysis. 20 ug of ^SS^SU 1000 
Xoal, ethanol preapi atedttv B " ™ B 6trcfor45 

amide gel. isolated from the 

The labelled '^f^ 8 ^ degradation 

961 a h " d ri STSS& sequence at the 3'-end of 
method (25). me uinh «=m cted- step 2 

this promoter piece was as expecie 

(Figure 4) 
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strain 294 to tetracycline resistance. Transl foment 

«nR^72 based vector, ine 3 

P nf has the following sequence: 5 - 

fT-AGAMTTC 3'!thus fusion of the XAal site from 

p'fomoS isoSteo in a fragment. 



Construction of 312 bp Pvul-to-fcoRIPGK 

promoter fragment simultaneously 
25 pg of pPGK-39 <P'9- J > w then 
digested with Safl and ^ pb 

electrophoresed on a 6 percent g ^ 
band countain.ng the 39 b PP ra ded DNA 

isolated by ^ rt ™ el £°^ 

was restricted with Sau3A then e v 

on an 8 percent acryiam de geLT JJJ»P 

thn e^horesed on a J ^J-JJ-j JJ* 

kpb band of DNA vva^ .so. ^JJ^gUtaon 
then restricted w.^Sau3A e n ae ^ ^ pQK 

*3a. DNA was then ligatec I witt ^ » 
promoter fragment from ab ove for tw o ^ 
r00 m temperature. ™ ^en electropho, 
restricted with Xba\ ana rv 
esed on a 6 percent acry»am.de geu 
Xba-to-ZVul restrict-on fragme^ t was ' S o ^ 
electroelution, then added to »^8« |SO|ateo 
tain,n9 the & Miction fragment] 



the oi* u h h electrophoresmg the diges- 
electroelution after eiecirop oFRL 4was cut 

20 ml of dlH,0, *w ng ^ DNA from 

W PGK Kd 0 10 n DNA from 
30 f B ? me ngetiln mix was used to transform , E 

oftheAp R colon.eswasobta,nedpPGK S 
piece of DNA. 



amide gel. The zju « ructura | gene and 

electroelution from the ge ishcb 
* »C5 pKwaSSd with /»£ and 

£c 1 0 ° R K f o P n a 6 ^SSXtS C 
bp band representing the nosMg a* 

,3t f %2SSw vvas ligated with 1 ug of 
50 3ugoftheHDs^ge"; , room 

the im "*™ n *" J°/ was then restricted 

with tcoRl ana °y'" - n kb banc j C orre- 

percent ^™*XroW-3' DNA fragment 

55 SPOnd ' n ? a ted by efecuSon. 50 ug of pPGK- 
was isolated oy eiecuu then 

15 00 was restricted wrth rtndffl j£ 
electrophoresed on isolated 
The 1.5 kbp PGK P»^"^ 13 was restricted 
60 by electroe ut.on_ 10 p of &™ s ^ Qn g 

with WnolH and J^"*^ ^ fragment 
1 percent agarose gel. ine "'» „ f pCV i3 
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IPC and then used to tran* forme g 
to ampicillin resistance. Mm scree" a v 

number of transf^ants ^!" d ^ nstructio n 
colonies cont,,ned*e proper ve ^ 

transform yeast to Leu + . 

Media). Transforms* colonies wer P Lgbs) ^ 

HBsAg radioimmune assay Iaddo 

follows: . YNB-leucine at 30°C 

(1) Grow 10 mh^rt^J'S, mu of 1.0. » 
with aeration to an 8 , bs ° J an a f 5 ooo X g. Discard 

(2) Spin culture 5 mm at ouuu 
supernatant. . . { pgg (20 mM 

( P 3) Resuspend cells . ,500 * I of ^ ^ ^ 
sodium phosphate at pH / P'" mm) » 

Use 200 Hi of «» „„ Aimed » 

using PBS. 
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Evidence for HBsAg expression in yeast by 

pYeHBs ed t0 transform 

pYeHBs and PCV13 wen MJ opy , n 

yeast strain XV6 0-8C I to leu rf ^ 

YNB-leu minimal: media. Tte p Qn 
plasmid was verified , Y > D) to colonies 

p,ates with no leu «ne select, ™ (YPD) ^ , ates m 

followed by repI'MPlf "3 " ™„\ of the colonies 
(2 percent agar). Fifty to 60 demonstrat- 
es' grew <^&£2£&i P'™ 
ing that 50-60 percent + rever . 

or pYeHBs. It should be noted t h a t a Le ^ ^ 
tant would show growth i of jrScoWJ 

leu. PCV13 stability m the y« ^« «J roduction 0 f 

than pYeHBs, suggesting hatt hep ^ 

HBsAg (as discussed infra.) does no p 

on cells to restrict copy number^ „ 

Transformant yeast were 8j br£)ken 
leu cine selection ^'^Vbead suspension 
open by vortexm , with a glass ^ assess 

(infra.). A radioimmunoassay extract 
HBsAg production in the cleareo y 55 

The 22 nm HBsAg ***£?Z^ alone 
more antigen then i the i HBsAg m ^ 

and we ^^Se^KtindicatesthB 
particle. The R A on the yeast extra 

production of HBsAg ^m pYett as ^ ft 

[pCV13 transformed yeast extracts pro 

HBsAg antigen material.! 



in 20 mM tns-HCI (pH at 
0. 5M Nad then , -JJ^^ 8 ^ collected 
45,000 rpm j^ r 2 H h °%' b 7 radi0 immune assay. 

above was layered on , top o a 6 m 

rS W ^C«S!JSS '/cSthencentrifuged 
EDTA, and CsCl (density i.^h hours 

in a SW50.1 ^J^^SS above and the 
IJ^Tcr^SSS-- by recording the 
density of Csu « gra dient fraction, 
refractive index of eacrr grai and 

Hepatitis surface antige n is symne 
secreted from liver ««• " above, 
particle). In the ^^^^ the mature 
only the coding 1 reg on represent, 9 |ate(J 

structural gene "™ ^ paf , 

sequences were mended, we 

ticulate nature of he hepat ^ 
monomer w,th.n the yeaat ™ HBsAg 

"•iqu^^'JS^eJdSJntttion velocity and 
were subverted to sea me in , p 

infected liver cell. 



Characterization of HBsAg in yeast ^ 

disss' — — * 
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Vaccine preparation W R«;Aa nroduced as 

Vaccines incorporabng th HB jJJSdl to 
herein described, can be prepa 

k "°T TSJure^h'a sutb^Sic.e. Suit- 
bined in admixture wiin . |ine so lu- 

able vehicles '" c,u f ''^or o her additives 

tion8 ' V8 "nT affor uS in compositions 
recognized m the S uch vaccines 

applied to .prevent jJ^JSS ^ the HBsAg 
will contain an fffectwe am ^ ^ 

hereof and a ^ n b 'V s TfuMor effective adminis- 
w prepare a vaame u»w tQ 
tration to the host Attehho ^ fi 

details on the preparat,on of vaccmes. 
T B ?o a acl; V J.R.-Strathem,-..N.,andHic k s.J.B. 

-^r^rarbo,,-, 

Natl . Ac*d. SC.. U.S. A. 75 1929-19 1 ^ ^ 

5 Hitzeman, R. A., Clartce, l., d» 
Bid Sem. 255, 12073(1980). 
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Calms for the Contracting States: BE, CH. M. «fc 
GB,IT,LI,LU, NL.SE 

f,on and P»*^ C j£^prtJSwWi a yeast 
comprising a promot £ « m JJJ ence enco ding 
host strain and a uinm «m 



Hepatitis 8 surface antigen (HBsAg, and iac^g 

anY rSoNTSSnc. btSg positioned 
sequence, said * se ^ tjonal start and stop 
witn ^^.SU, of said pro- 

whose 5 -flanwng ro « -vnression leve s. 

STKSS IT f — - • 

C ) ,0 form > "„„„„, „f sa io 

stop signa . Sljr f ac e antigen; 
TtransrSgVyUstrainwitMhevectorof 

step n ): • th« x/flast transformant to grow until 
" JalSSf B^surface antigen is produced 

^coveHng said hepatitis B surface antigen in 
discrete particle . , 8 whe rein the 

DNA sequence of step ci co w _ 
the 5' end of its cod n s rand an A 
tional start ~don the emammg ^ 

50 Zgtttttt-^ -p 
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STKBSSSSS?-* 

Claims for the Contracting State: AT 

DNA expression vector «P*too t rp 
and Pnenotypic se^onm^astjjo ^ „ 

comprising a P rom f e ' Sequence encoding 
host strain and a uw« «m (acW 
hepatitis B surface antigen (HBsAgi f 

sequence, said una . tart an( j stop « 

a "antigen in ^^laimT'wherein the » 

2 . A method according to claim 1 1 w 

promoter is ^^se^erfe, oVa gene 
T" PZSi WnfcorSain mutations 
whose 5 -flanKing °» exD ression levels, 
resulting in unu su alW hig expres s ^ ^ „ 

3. A method according to claim 
promoter is derived f~m the V« * ^ « , 

4. A method which comprises ^ ra ^ 
yeast strain with a DNA exp 
according to any one of claims ^ ana ^ x 

5. A method according to cla ' m nic Yeast 
prises transforming a te«2 ne for 
strain, the vector contammg a l£U2 g 
phenotypic selection in veasx. ducin g a 

antigen which com pr.se g row ing ^ 
3S an?r^eHnVtne aUenVre^rom in - 

SJldbta '.r a 8 S N tSnrr P vX capab.e of 
^rand ?he A noS P ic section in yeast 

h °S *ro5ng a. DNA - J P[Jg 8 50 
promoter compatible wiht e yeast ho 

c) providing a DNA , king a ny 

hepatitis B s " rf n ^ e HB ^; n re cursor sequence: 
sequence encoding HBsAg pre b) 

d) assembling the fragmen tt or « v fi5 

and c) to form a ^'^p^^nder con- 
wherein said sequence d ^ step tfansla . 
trol of said Promoter wtbap P P ft . g 

tional start and stop s^nals, su 
expressible to produce mature nepan m 
^ Sowing a yeast strain with the vector 

of step d); transformer* to grow 

duced therein: and 

11 



henatitis B surface antigen 
g ) recovering said heparins 

in discrete particle form. ^ 
9.Amethoda^ngtocia^m8 ^ ^ 

? NA o Mts coding 'strand, an ATG 

signal(s). accord ing to claim 8 or claim 9 



SUdiK is> « 

. phe fur die Vertragsstaaten BE, 

SBPSSStS lu.nl.se: 

l - DNA ? p SS^£-5.* 

kation und phanotypisch e 3 d elnen 

wirtsstammen ^^Vewirtsstamm ver- 
Promotor, dar mrt «nem Hepatjtis 

traglich ist und erne "ftiJS kodiert und der 
B Oberflachenantiger , (HBjAfl > £ Vorl auferse- 
jede Sequero : fehlt to i erne HB ^ DNA 
que nz kodiert, ^ be ' Ve|ctor mit entsprechen- 
Sequenz im genannten ve Stopsignalen unter 

den T«»«K^^ , ^Sp r( J 1 oto« posi- 

Transformieren , ernes » Ve|(tor ein 

^entfd^nto W typische Selection in 
Hefe enthait. „mfassend eine trans- 



• 
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zur Repletion und phanotypische Selection in 
Hefewirtsstammen fahig ist, t das 

Promotor enthalt; Praamentes. das 

der Promotor von Schritt b) vom Hefe PGK Pro 



40 



Patentanspriiche fur den Vertragsstaat AT: 

chenantigen t" BS *9 ; Vorlaufersequenz 
Sequenz fehlt, die erne HBsA 9 wnau h 

dlskrWrTeilchenforrn lU ^produr.«en 
Saurephospjatase^ . 
nTerfXn^c" Anspruch 2, worin der Pro- 



nun. mil ei»«m UNA Expressions; 

ohanotypische Selektion in Hefe enthalt 
P 6 Verfahren, das die Herstellung erner Farmer, 
tationsku.tur aus einer transforrn.erten Hefe nach 
Ansoruch 4 Oder Anspruch 5 umfaBt. 
7 verfahren zur Herstellung von Hepatitis B 

aU | VerSr^n zur Herstellung von Hepatitis B 
ObarflSenantigen in ^Hchenform das furdie 
Verleihung von Immunogenic gegen Hepatitis 
B vfrus ?n einem anfalligen Menschen gee.gnet 

^SSKltn eines DNA Transferve^ors. der 
rur Reputation und phanotypische Selektion in 

VbSSSTSS DNA Fragmentes das 
einin mTt einem Hefewirtsstamm vertraghchen 

*7*5£SS eines DNA Fragmentes das 

U widen wor n die genannte Sequenz von 
Schritt umeTde" Steuerung des genannten 

SSpS^— 8 en zu pro- 

M Wormieren eines Hefestammes mit dem 
"TKXStstfetransforrnanten. bis das 
gelnl Hepatrtis B Oberflachenant.gen dann 

^fS-nSn des genannten Hepatitis iB Obe, 

Sn^ranslation8^ops.gnaKel enthalt 

10. Verfahren nach Ansp uch 8 o ie ra« 
der Promotor von Schritt b) vom Hefe PGK Pro 

"TJ^SlSn der AnsprOche 8 bis 
in wori *KeSor ein LEU1 Gen fur die phano- 
' Zl «5«i e lrtion in Hefe enthalt und der Hefe- 
^eintuTa^otropher Hefestamm ist. 



Revendicatlons pour .es m Contractants BE. 
CH, DE, FR, GB,IT,U,LU, NL, SE 

, vecteur ^expression d'ADN capable d'une 
repliSn et d'une seiection phenotyp.que dans 
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moteur compatible avec ^un ,. ant igene 

,evure et une sequence d DN manquant 

de surface de I 'hepat.te B I H»JJ» 6cur . 

de toute sequence codantla seq ^ 

seur de HBsAg, ™" debut et 

p,acee avec des sgnaux Wgjf sous le 

de fin de translation dans^ MR veci dans 

controle dudit P^^^Xnt elle s'ex- 
U ne souche de levure wigma de 

fssr. de particu,es 

^.d^ja^^ 
le promoteur est derive ou g de phQS . 

stilt "sr — — 

teur ^expression . dAON , 
que des revendications 1 , / m o. d , tion 4 , 
Q 5 . Souche de levure Jon I / even he de 
obtenue par traf ^2° le verteur conten-nt 
r5ne U S P PO- Section phenotypique 
dans la levure. rmentation cor nprenant une 

surface de I'hepa . te B qui °^ ndication 6 , 
S ance d'une cultur e sel an m r 
afln de produw J e artjcules . 
tion de I'antigene sous forme ^o p de 
8. Methode de .P r ° d ""°l rme departicules 
surface de I'hepatite B sous JJJ^ une 

appropie * une ^'^s de' , 'hepatite B che, 

phenotypique chez des 

levure; d'ADN cornprenant un 

bl prevoir un fragment d I ADN ^ h6te de 
promoteur compatible avec une 

de HBsAg; i ranmen ts des etapes a), b) 

d) assembler les fra 9™"f ^"ssion repli- 
et c) pour former un vecteur d expre 
fabled ladite sequence d ^etape^ 
, e controle dud t P'° mote ^ de trans | a tion, 

^rn e rrr=' d .»-r,p,r, 

Tp^emrautnsformantde la levure de 



crottre jusqu'a ce que ledit antigene de surface 
de I'hepatite B y ^soit produvt; et de ^ 

g) recuperer led.t antigen ^ 
patite B sous forme *PJ«™ 8 oCl ladite 

• 9 ' M6th ° d d .iD e N°d n e ' a V pe nd c lomprend, dans 
sequence d ADN de ■ e»P g , de son b nn 
,. ord re a pait.fi de lextrem te ^ de 

codant, un ^°"fj£ s codant I'antigene 
A TG, les nucleo tides *« dy g . 

'° J! SSte V^Ku les signaux d'arret de 

revendications 8 a 10. ( ou le . . dans 
de l«vure auxotrophe W2. 



dans une ^uche ho « de h6te 
un promoteur "^JJ^Jadn codant I'anti- 
30 de levure et une a* uence 0 * B (HBsAg ) et 
gene de surface de I hjj cQdant 
manquant de tome » m sequen ce 
sequence precurset^ de HBsAg, a apprQ . 

d'ADN tart ■ de translation dans 

35 pries de debut et de i tm omoteU r, 
ledit vecteur sous » « H JJ ,e J uch . de levure 
de maniere que dans une so uc 
transformante. * • expr me ^ 

- hrreUiat C °rrea d u e x inhabitue.lement 
elevesd'expressioa dication 2 , ou le 

3 . Methode se on la nw pqk de la levure. 
promoteur est denve ou a transformation 
50 4. Methode qui jonj-J lj ^ 

SSTS2)* S ^ ^ elconque des 

55 prend la translation ^"^^ U n 
SS^littw*"' phenotypique dans 
^ode ui corned J P^^e 
- S^'WiS--. 4 ou ,a 

TSSS* i^XSRlZ 
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afin de produire letit antigene, et la recuperation 
de t'antigene sous forme de part.cu as. 

8. Methode de producfon de I antigene de 
surface de I'hepatite B sous forme de ipart cules 
approprie a une utilisation pour conferer une 
? m munogenicite au virus de I'hepatte B chez un 
etre humain sensible, qui cons.ste a: 

a) prevoir un vecteur de transfert d ADN capa- 
ble d ? une replication et d'une selecfon phenotyp,- 
que chez des souches holes de levure; 
q b) prevoir un fragment d'ADN comprenant un 
promoteur compatible avec une souche hote de 

le c) r p7evoirun fragment d'ADN codant I'antigfene 
de surface de I'hepatite B et manquan de toute 
sequence codant la sequence precurseur de 

H dfessembler les fragments des etapes a) b) et 
c) pourformerun vecteurd'express-on rephcable 

ou ladite sequence de I'etape c) est sous le 
contrble dudit promoteur avec des signaux 
a°ppS ries de debut et de fin de translator, qu, 
oeut s^exprimer pour produire I'ant.gene de sur- 
face de I'hepatite B mature; 2g 



e) transformer une souche de levure par le 
vecteur de I'etape d); 

fV permettre au transformant de la levure de 
crortre jusqu'a ce que ledit antigene de surface de 
I'hepatite B y soit produit; et 

a) recuperer ledit antigene de surface de I hepa- 
tite B sous forme de particules distinctes. 

9. Methode seion la revendicat.on 8, ou iad.te 
sequence d'ADN de I'etape c) comprend, dans 
f'ordre a partir de I'extremite 5' de son bnn 
codant, un codon de debut de translat.cn de ATG, 
L nucleotides residuels codant I'ant.gene de 
surface de I'hepatite B mature . du genome de 
i'hepatite B et le ou les signaux d'arret de transla- 
te. Methode selon la revendication 8 ou la 
revendication 9, oi. le promoteur de I &ape b) est 
derive de la region du promoteur PKG de la 

'Tl' Methode selon I'une quelconque des reven- 
dications 8 a 10, ou le vecteur contient un gene 
LEUZ pour la selection phenotyp.que dans la 
levure, et la souche de levure est une souche de 
levure auxotrophe /eu2. 
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EcoRl 



Ap" 



Ap" 




Xbol 

Klenow Pol. I * 
4 dNTP's 



I Bom HI 
Isolote vector 
from 0«l 



Ap P 



PGK itructurol flf* 
ond flanking ONA 



I HMl, H£Cl 

I xsola«« 650 bp frogm«M 



PGK ATG 
trontcnP>»°* 



IAnneol prim«r 
5' - ATTT6TTGTAA A 

I KUnow Pol I ♦ 
4 dNTP'» 



Sou3A 



5" CATC - 




-AAATGTT6TTTA £ , 

1Sou3A 
Uototi » bp frogmtnt 



- aaatgttgttta 

- tttacaacaaat 



(ggn HI) 
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